The prosequence of thermolysin acts as an intramolecular chaperone when expressed in trans with the mature sequence in Escherichia coli.
The zinc metalloendopeptidase, thermolysin (EC 3.4.24.27) produced by Bacillus thermoproteolyticus serves as a model of important physiological enzymes such as neprilysin, angiotensin converting enzyme and endothelin converting enzyme. Thermolysin is synthesised as a pre-proenzyme, with an N-terminal prosequence of 204 residues and a mature sequence of 316 residues. The prosequence facilitates the folding of the denatured mature sequence in vitro and the cleavage of the peptide bond linking the pro and mature sequences occurs by an autocatalytic, intramolecular process. With the aim to study the role of the prosequence in vivo and to produce active mutants for structural studies, the mature sequence of thermolysin has now been expressed in Escherichia coli, either alone or with the prosequence as an independent polypeptide, i.e. in trans form. In addition, the mature sequence of an inactive mutant in which Glu143 involved in the catalytic process was replaced by Ala has also been expressed in trans with the prosequence. The results show that the pro-sequence is required to obtain active thermolysin and that a covalent link with the mature sequence is not necessary for the correct folding of the protease in vivo. Moreover, when expressed in E. coli (in trans with the prosequence), the yield of correctly folded E143A mutant was similar to that of the wild-type protease, whereas no mature enzyme was detected when it was expressed as a pre-proenzyme in Bacillus subtilis. These results demonstrate that the thermolysin prosequence acts as an intramolecular chaperone in vivo and open the way to structural studies of catalytic site mutants produced in large quantities in E. coli.